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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.
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;2 THE 8 M X 6 M LOW SPEED WIND TUNNEL AT THE CHINESE AERODYNAMIC
o RESEARCH AND DEVELOPMENT CENTER
&
f Wang Maoxum and Pan Ruikang
N
" Chinese Aerodynamic Research and Development Center
\ 2 T ars
R The 8 m x 6 m“low speed wind tunnel at.the Chinese Aerodynamic
;2 Research and Development Center (CARDCY*is a large scale, double
, experimental section wind tunnel solely designed and builtcby~ouf)'vﬂ"”'f)
%s country. <It isvirimarily used for experiments in the aerodynamic ’
%f characteristics of airplanes and other aircraft; in ground wind load
QS‘ of guided missiles,;snd space vehicles; in large attack angle of
ﬁ: airplanes and guided missiles, in 1arge prototypes; in aerodynamlcs ¢~/
"..Q # < B el ol
ar of helicopters and VSBT»(Y%rticag/ShortﬁDistanceztakeoff yeirplanes; - -
w and in industrial aerodynamics (e.g., architecture, bridges, fans and
2% automobiles).
:j
LY
‘ﬂ The dynamic adjustments for this wind tunnel were completed in
vi 1978, followed by flow field calibration and standard prototype tests.
ﬁj The automation of its standard experimental test systems were realized
iﬁ after having been in operation and conducting prototype aerodynamic
wz experiments for nearly f}y" ;frs. At the end of 1983,3it passed ‘the~
LA national certlé;cation;an& was officially released for use. 7/ '+
L]
S
éh Overview of the Wind Tunnel
)
B
. The 8 m x 6 m‘wind tunnel is an open-circuit, closed double
;; experimental section in series, large scale low speed wind tunnel.
&} Its entire length is 237 m with a maximum width of 40 m and a maximum
) height of 20.5 m. It consists of air intake assembly, stabilization
4
R section, first convergence section, first experimental section, second
3
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experimental section, first divergence sectioi;/féa section, second
divergence section, and air exhaust assembly.” See Fig. 1. For the

i&

inside view of the experimental section, see the figure on the second
cover page. Removable doors are installed on the top wall of each
experimental section. A turntable capable of turning 360° is installed
at the center of the bottom wall. There are numerous observation
windows on the side walls and top wall. The characteristic parameters
of the two experimental sections are given in Table 1. The first
experimental section is primarily used for conducting low speed tests
of helicopters and VSDT airplanes and experimental studies on industri-
al aerodynamics. When the wind tunnel was designed, the flow field
quality requirements were set low. This is acceptable as long as the
wind tunnel satisfies the needs of experiments. The second experiment
section of this wind tunnel is the primary working section. Its flow
field quality met the design indexes and the nationally implemented
standard indexes for a low speed wind tunnel. See Table 2. Calibra-
tion tests using our country's standard model for low speed wind tunnel
pressure measurement had been conducted. The accuracy of the experi-

ment results is presented in Table 3. The experiment velocity pressure
was 287 kg/m2 and experiment Reynold's Number was 3.9 x 106. Table 4
shows the test accuracy of both longitudinal and latitudinal pressure
for the standard model DBM-01 and the aerodynamic characteristics of
the measured results.

Table 1. Primary characteristic parameters of both experimental
sections

DTN

First experimental Second experimental
section section
Width x Height x Length 12m x 16m x 25m 8m x 6m x 15m
Maximum wind speed in empty 25m/sec 100m/sec
wind tunnel
Minimum steady wind speed 1.75m/sec ‘ 7m/sec
Test wind speed of model 5~21m/sec 20~85m/sec
Model section length x £ 16m 3m <x {12m
2
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Table 2. Flow field characteristics of the second experimental

section

Stability of gas flow <0.5

Axial static pressure gradient | without floor —0.6663
dCp/dx (1 m) with floor ~0.003
Dynamic pressure field M<£0.5%
Directional field d(pr<o.s°
Degree of turbulence £=0.1%
Temperature increase -2°%c<At< 0%

Key: (1) In Celebration of the 35th Anniversary of National Day
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Fig. 1. Configuration diagram of the CARDC 8m x 6m low speed wind
tunnel

Key: (1) Entrance; (2) Bell-shaped intake; (3) Beehive flow regula-
tor; (4) filter; (5) stabilization section; (6) First convergence
section; (7) First experimental section; (8) Second convergence
section; (9) Second experimental section; (10) First divergence
section; (11) pre-fan transition section; (12) Fan section;

(13) Flow regulator; (14) post-fan transition section; (15) Second
divergence section; (16) Exit.

Table 3. Degree of accuracy of pressure measurement at small angle
for the DBM-01 standard model

ﬁ_}i.) NYRES | ec, | oc, | ec, | o, rcc' | oc,

t(-'Z)L He V43 o.m!o.ms 00003 o.ooisjc.n'u 0.0002

-

Key: (1) Root mean square deviation; (2) 8m x 6ém wind tunnel ex-
periment values.
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Table 4. Comparison between aerodynamic characteristic data for the
entire DBM-01 standard model

Cio

-9.90105

Ca

C Cup ]

-ge
L] %

Cp.J‘ C_‘ Cys

L

—

-0.084

(1) 'ﬁ'*;t.ns <3 hon 0.005 |-0.0008 | -0.0002

O ERR R

!

0.084 | ~0.000 |-9.0104 |-0.0044 | -0.0011

.2 r..u

Key: (1) 8m x 6m wind tunnel values; (2) The United States Elms

12 ft wind tunnel values.

The fan section housing is located between the first and second
divergence sections and it consists of three circular passages arrang-
ed
circular passages. Each fan is driven by a DC electric motor (each
motor pulls 2600 KVA).
by a high efficiency silicon rheostat, and its maximum speed is
480 rpm.
which are made of glass.

in a clover-shaped form. The three fans are installed inside the

See Fig. 2. The electric motor is powered
Each fan has a diameter of 7 m and consists of 15 blades
A steady state rpm control system and a
velocity pressure automatic control system with a high degree of
accuracy are adopted to condition the motor rpm and, consequently,
stabilize wind speed in the experiment section.

The wind tunnel is equipped with a standard six-component balance.
It is composed of a pressure measuring element, a prototype support
The pressure measuring balance uses
The
balance is equipped with a cartridge type, rod type, ring type and

and an angle changing mechanism,
a strain balance element (see figure on second cover page).

combination type balance element with variable measurement spans for
standard or special experiments.,
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' Fig. 2. '"Clover-shaped" fan section

£

ol The cited wind tunnel is equipped with many scanning valves and

"

Sj a pressure sensor of variable measurement spans.

(4

< . . , .

5 In order to conduct jet flow experiments, the wind tunnel is also
e equipped with air compressor system.

.

<l

’ See figure on the second cover page for the view of the wind tun-
S nel control room. The controls for the dynamic control system, proto-
;ﬁ type angle control system, air compression adjustment system for jet
’3 flow experiments, floor hydraulic control system for closing and open-
T

o ing the wind tunnel doors, elevation tests, etc. are conducted in the
\) g
o control room.

o
o

5; The cited wind tunnel is equipped with a computer, low and medium
R

il speed monitoring assemblies, and various computer peripheral devices
L g

e to form an automatic data gathering and processing system. Real time
T processing of experimental data are conducted to obtain experiment

"

oy results and curves.
i

Functionality of the Wind Tunnel

A
24

g

,j& Over the past five years since 1978, many experiments had been
) [o]
b conducted using the cited wind tunnel. They included aerodynamic
-
;S experiments for strategic and tactic guided missiles, aircraft and
2
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civilian industrial applications. In the meantime, it had also been
actively involved in the research of new experimental technologies;
for example, large attaclk angle experiments, flow conditions mo..itor-
ing technology, varionus static/dynamic tests for parachute, automobile
wind tunnel tests, etc. To asscmble and perfect the testing equipment
has been an ongoing process.

Figures 3, 4 and 5 show the simulation capability of the cited
wind tunnel in an airplane's experimental Reynold's Number, helicop-
ter's advance ratio and propeller hub load, respectively. The advan-
tages of using the cited wind tunnel to conduct experiments are:

(1) large scale models can be selected thereby increasing the Reynold's
Number and more realistically simulating the aerodynamic profile, sur-
face protrusions,rudder surface slots, , etc. of aircraft; the accura-
cy of the experiment is raised, (2) large experimental Reynold's
Number, (3) wider experimental speed range.

4 0 2

tt.u .
(1)
Fig. 3. At a wind speed of 85 m/sec, the experimental Reynold's

Number which was reached for airplanes with various aspect ratios.
Key: (1) Aspect ratio.
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Fig. 4. Simulation capability of advance ratio
Key: (1) advance ratio; (2) First experimental section; (3) Second
experimental section; (4) Wind speed Vs m/sec.
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Fig. 5. Simulation capability of propeller hub load

Key: (1) Height of experimthal section/propeller diameter (H/d);

(2) Propeller hub load (kg/m“); (3) limit; (4) First experimental
section working region; (5) Second experimental section working region;
(6) v m/sec.

Figure 6 shows the ground effect experiments for DBM-01 model
in the cited wind tunnel. The second cover page also gives separate
photographs of light-weight and adjustable wing airplanes undergoing
a whole plane experiment in the cited wind tunnel.
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Fig. 6. Ground effect experiment for the DBM-01 standard model

The key to the experimental technologies of aircraft with a large
attack angle lies in the proper handling of problems such as interfer-
ence by the fuselage frame and tunnel wall modification for separation
flow. It is more difficult to handle in the case of a small wind
tunnel. However, with a wind tunnel of 8 m x 6 m in dimension, it can
not only guarantee fairly a large Reynold's Number, but also reduce
interference of the tunnel wall, and thus satisfactory experiment
results can be obtained. Presently, the cited wind tunnel adopts a
tail support large attack angle experimental device to reach an attack
angle of 110°.

To conduct experiments of small scale models in a large wind
tunnel is one of the important approaches to studying tunnel wall
interference. wWhen comparing the results of tests conducted in a 3 m
class wind tunnel with those from tests conducted in an 8 m x 6 m
wind tunnel for models with the same scale, the lift curves obtained
from the small wind tunnel have larger slopes. Experiments of tail
support pressure measurement have also been conducted in the 8 m x
x 6 m wind tunnel, and it has been instrumental to the accuracy of
experimental results for pressure measurement.

In recent years, the 8 m x 6 m wind tunnel has been used to con-

duct numerous experiments in areas such as wind mechanics, building,

tower, automobile, radar antenna of long range shipping fleet, athletic
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equipment, high voltage power line, etc. Especially, better effects
were obtained using this wind tunnel to conduct tests of various life-
size cars of full, medium and small sizes, and it has been equipped
with a combined strain balance for the exclusive use of automobile
tests. Government ministries in charge of the automobile industry,

as well as designers, have begun to regard the automobile wind tunnel
test as an important procedure in new vehicle model design and model
finalization. Figure 7 shows a wind tunnel test of a life-size
Shanghai brand sedan. The second cover page shows a wind tunnel test

of a model of a television transmission tower.

Fig. 7. Life-size Shanghai brand sedan undergoing test

The CARDC continues to improve and perfect the 8 m x 6 m low
speed wind tunnel in order to make it perform with higher experimental

accuracy and efficiency.
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Interior view of wind tunnel's Television tower model undergoes
8 mx 6 m test section. wind load testing in wind tunnel.
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Ultralight aircraft undergoes

ot
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full-scale testing in wind tunnel
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Parasol wing aircraft under- Typical strain balance unit used
oM goes full-scale testing in in wind tunnel.

wind tunnel.

11

oo N e T M. R ~ O A T U e ) - o™
N e e e T e N o



FRE TS O Y00 Ol S0 .00 Nt Vet Sa P tal tat Sot, iyl B talo At Sdie e S¥y Ria Sln Sl idla Siy die dum iy Stn S0 0 2 Bis 4 0 B R P Al S B 0 s 5" 0]
LV 0 ¥ 528 TR -~ $ & ASUNOUAIUATT Y YR R WO — T AT

FND

P,
PO,

"'Jl R PN J.\s.-{.\{

A e -.$ : AN d
5 &}"‘hm&&-c..d‘&dl BRASOIRtION



